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(54) A moving device in pipe lines 

(57) A moving device in pipe lines is provided, which 
allows easy switching of moving/stopping and remote 
control of the switching by only electric wires enabling 
easy operation in the inside of small diameter pipe lines. 

The moving device 1 0 in pipe lines comprises a guide 
frame 1 1 in which a line of three or more coils 15, 16, 17 
is interconnected flexibly in the direction of magnet flux, 
ring-shaped permanent magnets 19, 20, 21 provided 
around the periphery of the guide frame slidably in the 
direction of the shaft, and a control means such as com- 
puters etc. to control by a preset program selecting the 
direction of turning on of the coils. 
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(54) A moving device in pipe lines 

(57) A moving device in pipe lines is provided, which 
allows easy switching of moving/stopping and remote 
control of the switching by only electric wires enabling 
easy operation in the inside of small diameter pipe lines. 

The moving device 1 0 in pipe lines comprises a guide 
frame 1 1 in which a line of three or more coils 15, 16, 17 
is interconnected flexibly in the direction of magnet flux, 
ring-shaped permanent magnets 19, 20, 21 provided 
around the periphery of the guide frame slidably in the 
direction of the shaft, and a control means such as com- 
puters etc. to control by a preset program selecting the 
direction of turning on of the coils. 
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Description 

Field of the invention 

[0001] This invention relates to a moving device in pipe 
lines, and more particularly to a moving device in pipe 
lines which moves/stops by being remote controlled or 
autonomously in body cavities or in pipe lines used for 
carrying various sensors to affected parts or to parts to 
be repaired, or for carrying and discharging medical 
agents such as curative medicines or mending agent for 
the part to be repaired. 

Background Arts 

[0002] 

Patent Document 1: Japanese Patent Laid Open 
No. 1994-1 14037 

Patent Document 2: Japanese Patent Laid Open 
No. 1993-2 12093 

Patent Document 3: Japanese Patent Laid Open 
No, 1995-289504 

[0003] In the Patent Document 1 , a medical capsule 
which has plural capsules running along one guide wire 
inserted into a body cavity is disclosed. This is provided 
with a roller to tuck the guide wire in the capsule and a 
micro motor to drive the roller. The driven roller runs the 
capsule by the reactive force obtained from the guide 
wire. Further in the Patent Document 1, it is disclosed 
that plural pairs of electromagnets are provided on the 
each facing edge of the capsule in order to remote control 
the mutual angle between the capsules by magnetizing 
any of the electromagnet 

[0004] In the Patent Document 2, a medical capsule 
is disclosed, in which forward traveling legs and back- 
ward traveling legs, a bimorph transducer to vibrate the 
traveling legs, and covers to cover those traveling legs 
are provided. This capsule can move backward by cov- 
ering the forward traveling legs with the cover to make 
the backward traveling legs only effective while the for- 
ward and the backward traveling legs are both activated. 
Similarly, it can move forward by covering the backward 
traveling legs with the cover. 

[0005] Inthe Patent Document 3, a capsule endoscope 
unit is disclosed, in which balloons are provided front and 
rear and a self-advancing part connecting those balloons 
with retractable bellows. 

The self-advancing part expands, for example, the front 
balloon to fix it to the inside wall of duodena etc., and 
deflate the rear balloon, and then retract the bellows to 
move the rear balloon forward. 

[0006] Next, it expands the rear balloon to fix it to the 
inside wall, and deflate the front balloon, and then extend 
the front balloon to move the front balloon forward. By 
repeating this sequential process, it can move forward 
intermittently. Further, the self-advancing part can move 



backward by carrying out the sequential process in re- 
verse. 

Disclosure of invention 

5 

[0007] In the capsule unit described in the Japanese 
Patent Document No.1 , since the reaction force for the 
running is obtained from the guide wire, no force is ap- 
plied to the inside wail of the body cavity. However, it is 
to necessary to let through the guide wide previously re- 
quiring cumbersome insertion of the guide wire and the 
reinsertion of the guide wire in the cases of path changes. 
In the medical capsule described in the Japanese Patent 
Document No.1, the front traveling legs and the rear 
15 traveling legs are activated on a steady base, and the 
path change can be done by selecting any of the traveling 
legs to be covered. However, it is a cumbersome oper- 
ation to block up the vibrating traveling legs with the cov- 
ers, particularly it is a more cumbersome operation to 
change the position of the covers. 
[0008] In the self- advancing part of the capsu le endo- 
scope unit described in the Japanese Patent Document 
No.3, the forward movement and the backward move- 
ment can be done by remote controlling the expansion 
/deflation of the balloons and the bellows. However, the 
balloons and the bellows take much time for injection/ex- 
haust of air or liquid, and they require to secure pipe lines 
requiring a cumbersome operation. Further, any of them 
can not be manufactured in reduced size, therefore, no 
actual unit for small diameter tubular organs or pipe lines 
has not yet been put to practical use. 
[0009] This invention is directed to provide a moving 
device in pipe lines that allows easy switching of mov- 
ing/stopping, remote control of moving/stopping by only 
electrical wires, and further, easy operation in small di- 
ameter pipe lines. 

[001 0] The first aspect of a moving device in pipe lines 
of this invention(Claim 1) comprises an inside magnet 
line in which three or more magnet elements are inter- 
connected in the direction of mag net flux, an outside mag- 
net element line which is provided slidably on the outside 
of the magnet elements of the inside magnet line, a 
switching means which switches the magnet poles of the 
inside magnet elements and the corresponding pair of 
the outside magnet elements in-phase or reversed 
phase, a control means for controlling the each switching 
means by a preset program 

[0011] In such a moving device in pipe lines (Claim2), 
the inside magnet elements are preferable to be inter- 
connected flexibly each other. Further, the switching 
means comprises an electromagnet provided at least on 
one side of the corresponding pair of the magnet ele- 
ments and a distributor for selecting the magnetic pole 
of the electromagnet (Claim3). 

[0012] The second aspect of a moving device in pipe 
lines of this invention(Claim 4) comprises a magnet line 
in which three or more electromagnet lines are intercon- 
nected, a guide member which guides the magnet lines 
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slidably, and a distributor for controlling the electromag- 
net poles by a preset program. 
[001 3] In such second aspect of the moving device in 
pipe lines, the guide member is preferable to be a linear 
body let through the center of the magnets slidably and 
any of the electromagnets being fixed to the linear body 
(Claims), and the linear body is preferable to be flexible 
(Claim 6). 

[0014] In the first aspect of a moving device in pipe 
lines of this invention, it is preferable that the control 
means comprises a controlling part which is located in 
the each switching means and a controller which gives 
instructions to move to the controlling part of the end 
magnet element pairs; the controlling part of the above 
pair of the magnet elements comprises a receiving part 
for receiving instructions to move, an operation part 
which performs an arithmetic operation of the magnets 
by the program in which the instructions to move obtained 
from the receiving part and the information of the object 
magnet pole of the magnet element are used as an ar- 
gument, and a transmitting part which transmits the in- 
structions to move to the next pair of the magnetelements 
after the switching part switches the magnet poles ac- 
cording to the operation part; the receiving part and the 
transmitting part transmits the instructions to move from 
the end pair of the magnet element to the front pair or 
from the front pair of the magnet element to the end pair 
in sequence (Claim?). 

[001 5] In the second aspect of a moving device in pipe 
lines of this invention, it is preferable that the distributor 
is located in the each electromagnet and comprises the 
controlling part to control the poles of the electromagnet 
by a preset program and the controller which gives in- 
structions to the controlling part of the end distributor; the 
controlling part of the electromagnet is provided with the 
receiver which receives the instructions to move, the op- 
eration part which performs an arithmetic operation of 
the magnets and controls the magnets by the program 
in which the instructions to move obtained from the re- 
ceiving part and the information of the object mag net pole 
of the magnet element are used as an argument, and is 
provided with the transmitter which transmits the instruc- 
tions to move to the controlling part of the electromagnet 
after the control of the pole by the operation parts; the 
receiving part and the transmitting part transmit the in- 
structions to move from the end electromagnets to front 
electromagnets or from the front electromagnets to the 
end electromagnets (Claim 8). 
[0016] in the third aspect of a moving device in pipe 
lines of this invention (Ciaim9), it is preferable that three 
or more segments, an interconnecting means which in- 
terconnects these segments, a driving means which 
drives the interconnecting means so as to move these 
segments to the remaining segments relatively, and a 
control means to control the driving means, wherein the 
controlling means comprises a controlling parts provided 
in each segment and a controller which gives instructions 
to move to the end controlling part; the controlling part 



comprises a receiving part which receives instructions to 
move, an operation part which drives the driving means 
by computing the conditions of the object driving means 
using the information of the instructions to move obtained 

5 from the receiving part and the conditions of the object 
driving means as an argument, and a transmitting part 
which transmits the instructions to move to the controlling 
part of the other driving means after the control of the 
driving means by the operation part; the each receiving 

10 part and the transmitting part transmits the instructions 
to move from the end driving means to the front driving 
means or from the front driving means to the end driving 
means in sequence; the engaging force with the inside 
of pipe lines of the moved segments are smallerthan that 

15 of the remaining segments. 

[0017] In such a moving device in pipe lines, the con- 
necting means is preferable to be an extendable con- 
necting means which interconnects the segments in a 
straight line retractabiy and the driving means is an ex- 

20 tendable driving means which drives the extendable con- 
necting means (Claim 10). And further, the extendable 
driving means is preferable to move the each segment 
forward or backward selectively to the remaining seg- 
ments (Claim 1 1 ). Additionally, the extendable driving 

25 means is preferable to move the segments from one edge 
to another edge in sequence (Claim 12). 
[001 8] The first aspect of a moving device in pipe lines 
of this invention (Claim 1 ) fundamentally obtains the driv- 
ing force as a whole to move in reciprocate motion along 

so the axis by switching alternatively between the attractive 
force and the repelling force of the magnet poles, wherein 
the poles of the magnet element of the inside magnet 
line and the outside magnet line are excited into inverse 
phase yielding an attractive force between the magnets 

35 and excited into in-phase yielding a repelling force be- 
tween the magnets. For example, when it is excited into 
inverse phase wholly, the magnet elements attract each 
other to be lined up. Next, when it is excited into in-phase, 
since the outside magnetelements meet with resistance 

^o on the inside wall of the pipe lines, the inside magnet line 
all together moves to one side and attracts each other in 
a shifted position. 

[0019] When the head inside magnet elements and 
the outside magnet elements are excited into reverse 

^5 phase, the outside magnet elements intend to move so 
as to be lined up with the corresponding inside magnet 
line, and the other second plural magnet lines intend to 
stay in the former position. Resultantly, the head magnet 
element intends to move in between the two other outside 

50 magnet elements relatively, but since the resistance on 
the inside wall of the pipe line of the inside magnet ele- 
ments is larger than that of the outside elements whose 
resistance is depending only on the head magnet ele- 
ment, the head outside magnet element only moves. 

55 [0020] When the phase of the second outside magnet 
elements and the corresponding inside magnet elements 
only is switched to reverse phase, the second outside 
magnet elements only move as described above. Thus, 
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the outside magnet elements are moved one by one in 
sequence, they move wholly in the direction of movement 
and return to the initial condition. Accordingly, by repeat- 
ing the above cycles, the device can be moved wholly in 
peristaltic motion. The order to excite into reverse phase 
is not always necessary to be from the head but to be 
from the tale, or in random. 

Further, it can be excited into in-phase at first from the 
head in sequence (or in random) and finally be excited 
into reverse phase wholly. 

[0021] in the case that the inside magnet elements are 
interconnected flexibly each other (Claim 2), it is wholly 
flexible like beads and easy to move in bended or curved 
pipelines. 

[0022] in the case that the switching means comprises 
an electromagnet provided at least on one side of the 
corresponding pair of the magnet elements and a distrib- 
utor for selecting the magnetic pole of the electromagnet 
(Claim 3), switching one side of the magnet poles by the 
distributor can excite the magnet pole into reverse phase 
to the other magnet elements, thereby allowing easy re- 
mote control. 

The inside magnet elements can be an electromagnet 
and the outside magnet element can be a permanent 
magnet, and inversely the outside magnetcan be an elec- 
tromagnet and the inside magnet can be a permanent 
magnet. Further, the inside magnet and the outside mag- 
net can be both an electromagnet. 
[0023] In the second aspect of the moving device in 
pipe iines of this invention (Claim 4), since the magnet 
lines arranged in lengthwise direction are electromag- 
nets each other, by exciting the poles of the each elec- 
tromagnet into in-phase or reverse phase, a drawing 
force or a removing force are applied. Therefore, as de- 
scribed above, it can be shifted one by one toward the 
direction of movement as a whole. 
[0024] In the case that the guide member is a linear 
body let through the center of the magnets slidably and 
any of the electromagnets is fixed to the linear body 
(Claim 5), the line of the electromagnets can be intercon- 
nected into one body with simple composition, thereby a 
compact body being composed wholly. 
[0025] When a flexible linear body is employed (Claim 
6), each electromagnet is interconnected flexibly as 
beads allowing easy movement in bended or curved pipe 
lines. 

[0026] In the first aspect of the moving device in pipe 
lines and in the case that the control means comprises 
a controlling part which is located in the each switching 
means and a controller which gives instructions to move 
to the controlling part of the end magnet element pairs; 
the controlling part of the above pair of the magnet ele- 
ments comprises a receiving part for receiving instruc- 
tions to move, an operation part which performs an arith- 
metic operation of the magnets by the program in which 
the instructions to move obtained from the receiving part 
and the information of the object magnet pole of the mag- 
net element are used as an argument, and a transmitting 



part which transmits the instructions to move to the next 
pair of the magnet elements after the switching part 
switches the magnet poles according to the operation 
part; the receiving part and the transmitting parttransmits 
5 the instructions to move from the end pair of the magnet 
element to the front pair or from the front pair of the mag- 
net element to the end pair in sequence. (Claim 7), since 
the each switching means is controlled by the exclusive 
controlling part, the distance between the controlling part 

10 and the switching means or the controller can be reduced 
to prevent the occurrence of the time delay of communi- 
cation. Further, since the computing is distributed to the 
each controlling part, the control cycle can be reduced 
compared with the case that all controlling parts are cen- 

15 traily controlled. Therefore, it can respond to instructions 
quickly allowing easy operation in small diameter pipe 
lines. Additionally, the programs can be standardized to 
reduce manufacturing cost and the maintenance is made 
more efficient. The standardization of the program allows 

20 easy check of the communication functions and other 
functions. In the case of troubles of each magnet element 
and extension/shortening of the length, disassembly or 
connection can be done easily. 
[0027] In the second aspect of the moving device in 

25 pipe lines, wherein the distributor is located in each elec- 
tromagnet and comprises the controlling part to control 
the poles of the electromagnet by a preset program and 
the controller which gives instructions to the controlling 
part of the end distributor; the controlling part of the eiec- 

30 tromagnet is provided with the receiver which receives 
the instructions to move, the operation part which per- 
forms an arithmetic operation of the magnets and con- 
trols the magnets by the program in which the instructions 
to move obtained from the receiving part and the infor- 
ms mation of the object magnet pole of the magnet element 
are used as an argument, and is provided with the trans- 
mitter which transmits the instructions to move to the con- 
trolling part of the electromagnet after the control of the 
pole by the operation parts; the receiving part and the 

40 transmitting part transmit the instructions to move from 
the end electromagnets to front electromagnets or from 
the front electromagnets to the end electromagnets 
(Claim 8), same as described above, the device responds 
quickly to the instructions, allowing easy operation in 

45 small diameter pipe lines. 

[0028] In the third aspect of the moving device in pipe 
line (Claim 9), since each connecting means is controlled 
by the exclusive controlling part, the distance between 
the controlling part and the connecting means orthe con- 

50 troiler can be reduced to prevent the occurrence of the 
time delay of communication. Further, since the comput- 
ing is distributed to the each controlling part, the control 
cycle can be reduced compared with the case that ail 
controlling parts are centrally controlled. Therefore, the 

55 device res ponds quickly to the instructions, allowing easy 
operation in small diameter pipe lines. 
[0029] in such moving device in pipe lines, and in the 
case that the connecting means is an extendable con- 
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necting means which interconnects the segments in a 
straight iine retractabiy and the driving means is an ex- 
tendable driving means which drives the extendable con- 
necting means (Claim 10), the interval between the seg- 
ments are extended/retracted by the extendable con- 
necting means. When the intervals of the some segment 
in the direction of movement are retracted and/or the in- 
tervals in the direction of backward movement are ex- 
tended and the engaging force of the some segments 
with the inside of pipe lines is smaller than that of the 
remaining segments, the some segments can move in 
pipes in the direction of movement. 
[0030] The moving device which can only move for- 
ward and cannot move backward can be usable in the 
application such as for passing through the pipe lines, 
butthe moving device which can move forward/backward 
has more usability. In the case that the extendable driving 
means moves each segment forward or backward selec- 
tively to the remaining segments (Claim 11)' the device 
has such functions to move backward. The action of the 
backward movement is same as th at of the forward move- 
ment. The combination of the forward and backward 
movement allows returning when the device moves too 
far, thereby the position adjustment is easy. Further, it 
can move in pipe lines which can not be passed through 
or, for example, stopped up in the front edge. Moreover, 
in the case that the pipe lines are provided with power, 
communication lines, or guide wires, they cannot be 
passed through in one direction, but the moving device 
which can move backward can intrude into the pipe iines 
and can return to the entrance, thereby such cabies as 
above can be provided. 

[0031] In the case that the extendable driving means 
moves the segments from one edge to another edge in 
sequence (Claim 12), at the beginning, the extendable 
driving means extends the front segment and the inter- 
connected second segment, thereby the front segment 
only slips and moves in the direction of movement due 
to the difference of the engaging force. After that, it re- 
tracts the interval between the front segment and the 
second segment and extends the interval between the 
second segment and the interconnected third segment, 
thereby the second segment slips and moves toward the 
front segment as if being drawn. Further, by performing 
the same operation as the second segment to the third 
segment, the third segment is drawn toward the second 
segment After performing such operation to the rear seg- 
ment in sequence, the interval between the front segment 
and the second segment is extended again to move the 
front segment in the direction of movement By perform- 
ing such operation intermittently, the device can move in 
pipe lines. 

Brief Description of Drawings 
[0032] 

Figure 1 is a cross section of the first embodiment 



of the moving device of this invention; 
Figure 2 is a process drawing showing the first em- 
bodiment of the operation procedure of the moving 
device of this invention; 

Figure 3 is a process drawing showing other embod- 
iment of the operation procedure of the moving de- 
vice of this invention; 

Figure 4 is a process drawing showing the second 
embodiment of the operation procedure of the mov- 
ing device of this invention; 
Figure 5a is a rough flow chart showing the control 
of the second moving device, and Figure 5b is a 
rough drawing of the control means; 
Figure 6a and Figure 6b are pattern diagrams show- 
ing respectively the conditions of the forward move- 
ment and the backward movement of the third em- 
bodiment of the moving device of this invention; 
Figure 7 is a rough block diagram of the control of 
the third embodiment of the moving device; 
Figure 8a is a cross sectional side view of the medi- 
um segment of the third embodiment of the moving 
device, and the Figure 8b is a partial perspective 
view of the Figure 8a; 

Figure 9a and Figure 9b are pattern diagrams show- 
ing respectively the conditions of the forward move- 
ment and the backward movement of the forth em- 
bodiment of the moving device of this invention; 
Figure 10a is a longitudinal cross section of the arm 
segment of the moving device, and the Figure 10b 
is an l-l line cross section of Figure 10a; 
Figure 1 1 a and Figure 1 1 b are rough process draw- 
ings showing the motion of the each arm segment; 
Figure 12 is a rough process drawing showing the 
reset motion of the moving device of Figure 9; 
Figure 13 is a rough process drawing showing the 
forward movement of the moving device; and 
Figure 14a and Figure 14b is another embodiment 
of the moving device of Figure 13 and Figure 14c is 
a partial perspective view of the Figure 14b. 

Best mode for carrying out the invention 

[0033] The embodiments of the present invention are 
described bellow with reference to the accompanying 
drawings. 

The moving device 10 shown in Figure 1 comprises a 
tubular guide frame 1 1 , a cap or a plug 12, 13 plugging 
the aperture of the both edge of the guide frame, a rod 
14 with its both edge being supported by the plug 12,13 
and located at the center of the guide frame 1 1. in the 
guide frame 11, surrounding or riding the rod 14, the 
ring-shaped first coil 15, the second coil 16, and the third 
coil 17 are fixed at a given interval. The part shown by 
Reference numeral 18 is vacant, but it can be filled. On 
the periphery of the guide frame 1 1 , the ring-shaped first 
permanent magnet 19, the second permanent magnet 
20, and the third permanent magnet 21 is provided slid- 
ably. 
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[0034] On the inside perimeter of the rear edge of the 
guide frame 1 1 , an engaging projection 23 is provided, 
and on the periphery, an annular projection 24 to prevent 
the rear side plug 13 from dropping out is provided at an 
about equal interval. In this embodiment, the annular pro- 
jection 24 is positioned so that when the permanent mag- 
net 19, 20, 21 move forward and engage with the annular 
projection 24, they face the corresponding coil 15, 16, 17 
respective iy. When they move backward to engage with 
the annular projection 24, the vicinity of the front edge of 
the permanent magnet 19, 20, 21 correspond to the vi- 
cinity of the rear edge of the coils 15, 16, 17. 
[0035] In this embodiment, the one annular projection 
24 is used as the stopper both for the front permanent 
magnet and the rear permanent magnet, but two annular 
projections can be provided for the each permanent mag- 
net stopper. In the case that the guide frame 1 1 is made 
flexible, the two annular projections can be separated 
and connected with a bellows. Then the rod 14 can be 
separated at the corresponding position and connected 
flexibly, or a flexible wire or a string can be used in place 
of the rod. The annular projection 24 can be omitted as 
described later. 

[0036] The plug 13 is fixed to the inside of the guide 
frame 1 1 by adhesive bonding or screw cramp. Inside of 
the plug 13, batteries or control circuits can be located, 
or a container can be housed, in which medical agents 
etc. are charged and discharged in a given position. 
Some of the annular projections 24 are fixed by adhesive 
bonding after the permanent magnets 19, 20, 21 are 
mounted. The guide frame 1 1 is made of materials which 
pass through the magnetic line easily and is difficult to 
be magnetized i.e. nonmagnetic such as aluminum, 
stainless steel, synthetic resin, and rubbers, 
[0037] The rod 1 4 acts as an armature to form a mag- 
netic path of the coil 15,16, and 17, and can be composed 
of the material such as mild steel wire, mild steel twisted 
wire, and pure iron etc. And also, flexible materials such 
as wires can be employed as described above. As the 
flexible materials, wire composed of twisted metal wires, 
twisted wire of synthetic fibers, string or tape composed 
of synthetic resin are used. 

[0038] As the coils 15, 16, 17, a regular coil can be 
employed in which an insulated wire is winded around 
an annular core material to form an electromagnet. A 
groove 22 is provided around the each coil to pass 
through the lead wire of the coil. In this embodiment, three 
coils 15, 16, 17 are used, but four or more coils can be 
employed, in which case the same number of the per- 
manent magnet 19, 20 21 are provided around the pe- 
riphery of the guide frame 1 1 . 

[0039] The each permanent magnet 19, 20, 21 can be 
permanent magnet wholly, or they can be a piece of mag- 
nets adhered on the inner surface of the ring. The magnet 
pole is in the direction of the axis along which the mag- 
netic flux flows. In the case of Figure 1 , the front side in 
the direction of movement is S pole, and rear side is N 
pole, but they can be magnetized in the inverse direction. 



Further, the magnet pole directions of the three electro- 
magnets 1 9-21 are not necessary to be all together. The 
permanent magnets are preferable to be composed of 
the material having strong magnetism such as neodym- 
5 ium series, ferrite series, and Alnico series etc. In addi- 
tion, in the embodiment of Figure 1 , on the periphery of 
the ring-shaped permanent magnet, a back yoke 25 is 
provided so as not to release the magnetic flux of the 
magnets. 

10 [0040] There is no limit particularly in the size of the 
guide frame 1 1 , and in the case that the device is let 
through the blood vessel, a degree of 0.2 - 2mm in di- 
ameter, 5 ~ 20mm in length is used. In the case that the 
device is letth rough the esophagus, a degree of 3 ~ 8mm 

15 in diameter, 1 0 ~ 30mm in length is used, and in the case 
that it is let through the small intestine, a degree of 5 ~ 
10mm in diameter, 20 ~ 40mm in length is used respec- 
tively. In the case that it is let through a water pipe or an 
air duct, the size is suited for the each inner diameter. 

20 The coils 1 5, 1 6, 17 are connected to the each separate 
wire, and connected to the batteries located in the guide 
frame 1 1 through a switch to select the polarity. It can 
also be connected to an external distributor through a 
wire. 

25 [0041] The method for turning on electricity and the 
action of the coils 15, 16, 17 of the moving device 10 is 
described next referencing Figure 2. 
At the beginning, all of the coils 15, 16, 17 are turned on 
so as to be N pole in the front and to be S pole in the 

30 rear, thereby the polarity of the permanent magnets 1 9, 
20, 21 corresponding to the coi! 15, 16, 17 respectively 
become reverse phase, the corresponding permanent 
magnets 1 9, 20, 21 being attracted to the electromagnet 
of the coil each other (the first step S1 ). 

35 [0042] Next, the direction of the turning on of all the 
coils is switched over so as to be S pole in the front and 
to be N pole in the rear, wherein the polarity of the per- 
manent magnets and the coils is in-phase (the second 
step S2), thereby the permanent magnets and the coils 

to repel each other and intend to be apart. However, as 
shown in Figure 1 , since the front edge of the each per- 
manent magnet 19, 20, 21 is engaged with the annular 
projection 24, whole of the permanent magnets moves 
backward relatively to the guide frame 1 1 . Then, because 

^5 the periphery of the permanent magnets meets with re- 
sistance on the inside wall of the pipe lines, the coils 
1 5-1 7 move forward all together resultantly receiving the 
reactive force. Therefore the N poles of the coil and the 
S poles of the permanent magnets attract each other at 

50 the forward shifted position to the permanent magnet. 
[0043] After that, the pole of the front first coil 1 5 only 
is inverted to make the phase of the coi! 15 reversed to 
that of the first permanent magnet 1 9 (the third step S3). 
Thereby, the front first permanent magnet 19 intends to 

55 move so as to be lined up with the first coil 15, and the 
other second permanent magnet 20 and the third perma- 
nent magnet 21 intend to stay in the former position. 
Thereby, the first permanent magnet 19 and the other 
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permanent magnets 20 and 21 intend to be apart rela- 
tively. However, asforthe resistance force with the inside 
wall of the pipe lines, added resistance force of the sec- 
ond permanent magnet 20 and the third permanent mag- 
net 21 is larger than the resistance force only by the per- 
manent magnet 19, thereby the front first permanent 
magnet 19 only move forward. In this occasion, the fact 
that the mass of the moving device 10 except for the first 
permanent magnet is much larger than that of the first 
permanent magnet 19 helps also the first permanent 
magnet only to move. 

[0044] And then, when the pole of the second coil 1 6 
is inverted (the forth step S4), same as above, only the 
second permanent magnet 20 corresponding the second 
coil 16 moves forward. Further, the pole of the third coil 
17 is inverted to move the third permanent magnet 21 
forward (the fifth step S5), thereby the condition returns 
to the first step S1 . In order to control such turning on of 
the coils 15, 16, 17, it is preferable to accommodate a 
micro computer in the guide frame 1 1 orto set up a com- 
puter externally, and to control directly the direction of 
electric current flow of the power line of the each coil. 
[0045] When the pair of the coil and the permanent 
magnet is more than four, the poles of the magnets are 
inverted in sequence as described above to move the 
corresponding permanent magnets forward. The more 
the pair of the coil and the magnets is, the larger is the 
difference between the resistance force on the inside wall 
of pipe lines of the one pair of the permanent magnet 
being set to move and that of the permanent magnet 
being set to stay, thereby the action described above 
becomes more secure. When the pair of the coil and the 
permanent magnet is more than six, they can be com- 
bined into three pairs to move all together. More specif- 
ically, the poles of the first coil, the forth coil, the seventh 
coil ...are made into one set and their phase are inverted 
all together, the second coil, the fifth coil, the eighth 
coil ...are made into one set, and the third coil, the sixth 
coll , the ninth coil are made into one set, and they are 
operated all together, thereby the one cycle time being 
shortened. 

[0046] As above, the moving device 1 0 can be moved 
forward by repeating the one cycle from the first step S1 
to the forth step in sequence along the arrowhead J1. in 
the shifting process from the second step S2 to the third 
process S3, and from the third step S3 to the forth step 
S4, to move forward the one permanent magnet only may 
cause to move it contrary to backward in an occasion 
that the one permanent magnet intended to moved has 
a particularly large frictional force due to the irregularity 
of pipe line walls, because it is based on the ground that 
thef rictional force between the above permanent magnet 
and the pipe line wail is smaller than that of the sum of 
frictional force of the other permanent magnets. On the 
assumption of such occasion, it can also be composed 
so that the frictional force of the permanent magnet sur- 
face in the forward direction is smaller than that of the 
backward direction. For example, in the backward move- 



ment, an engaging projection which hooks the pipe line 
wall can be provided, or hairs projecting backward can 
be implanted for prevention measure of backward move- 
ment. 

5 [0047] In the case that the moving device 10 is provid- 
ed with power lines to transmit the power or control lines 
to control the pole of the coil line, these power lines or 
the control lines can be dragged in order to pull out or to 
move the advanced moving device 10 backward. The 

10 power lines and the control lines are extended from the 
rear edge of the moving device 1 0 (the right edge of Fig- 
ure 1 ). But in the case that the moving device is moved 
in a bended pipe line or in the case that a battery and a 
wireless communication are employed without use of the 

15 power lines and the control lines, the moving device 10 
can be moved backward by itself by turning on the coils 
in the reverse procedure as described above. In other 
words, by operating from the fifth step S5 to the first step 
S1 shown in Figure 2 along the arrow head J2, it can be 

20 moved backward in the reverse direction as described 
above. 

[0048] More specifically, from the condition of the fifth 
step shown in Figure 2, at the beginning, the pole of the 
third coil 1 7 is inverted to move the third permanent mag- 

25 net 21 backward as shown by the dotted arrow head ( the 
forth step S4 S see the dotted arrow head), and then the 
pole of the second coil 1 6 is inverted to move the second 
permanent magnet 20 backward (the third step S3), next 
the pole of the first coil is inverted to move the first per- 

30 manent magnet 19 backward (the second step S2), and 
finally whole poies of the coils are inverted ail together 
to move the guide frame 1 1 (the first step S1 ), thereby it 
returns to the original condition i.e. the fifth step S5. Thus, 
the moving device in Figure 1 moves forward when it is 

35 operated in the sequence along the arrowhead J1 shown 
in Figure 2 and move backward when it is operated in 
the sequence along the arrowhead J2. Therefore, it is 
used exclusively for forward movement and is used also 
for forward and backward movement. 
[0049] In such case that the device is used for back- 
ward movement as well as for forward movement, it is 
preferable notto be provided with the engaging projection 
or the implanted hair as the prevention measure for the 
backward movement as described above, or their actions 

45 are preferable to be composed as switch able between 
the forward movement and the backward movement. 
[0050] In the embodiment shown in Figure 1 and Fig- 
ure 2, the leftward movement in the figure is described 
as the forward movement and the rightward movement 

50 is described as the backward movement, but it can be 
described inversely that the rightward is as the forward 
movement and the leftward is as the backward move- 
ment. In this case, the power lines and the control lines 
are extended from the left of Figure 1 , 

55 [0051] In the above embodiment, the coils are located 
atthe center side and the permanent magnets are located 
at the outside, but such as the moving device 26 in Figure 
3, the permanent magnets 19, 20, 21 can be located at 
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the center side and the coils 15, 16, 17 can be located 
at the outside. Figure 3 shows the switching procedure 
of the pole of the coil and the process of movement. In 
the moving device shown in Figure 3, the description is 
omitted because the process is substantially same as 
Figure 2 excepting that the inside and the outside are 
reversed. 

[0052] In the moving device 1 0 in Figure 1 , the annular 
projection 24 is provided around the periphery of the 
guide frame 1 1 to restrain the inverse direction move- 
ment of the permanent magnet. This is to prevent the 
coils 15-17 moving backward by the repelling force in 
the shift from the first step S1 to the second step S2 in 
Figure 2 as described above. Accordingly, for example, 
the provision of auxiliary means to determine the initial 
direction of the permanent magnets 19, 20, 21 such as 
auxiliary coils in the vicinity of the each coil 15, 16, 17 
allows omitting the projection 24. 
[0053] In the above embodiment, the device is moved 
forward by utilizing the attracting and repelling action of 
the each inside and out side magnet elements to move 
back and forth relatively, but as shown in Figure 4, the 
axial attracting force and repelling force of the magnet 
elements can be utilized. The moving device 30 in Figure 
4 comprises a guide shaft 31 and electromagnets 32, 33, 
and 34 slidably provided on the perimeter of the guide in 
the direction of the shaft. The guide shaft 31 is provided 
with a stopper 35 to restrain the moving range of the 
electromagnets 32 ~ 34. The first electromagnet 32 is 
interconnected to the guide shaft 31 to move all together. 
As the guide shaft 31 , a flexible wire is used, but it can 
be a rigid rod or pipe. The reference numeral 36 in Figure 
4 is a power line to turn on the electromagnets 32, 33, 
and 34. 

[0054] In this moving device 30, the direction of the 
poles is set alternatively so as to make the neighboring 
electromagnets to repel each other. More specifically in 
this embodiment, at the first step S1 , the first electromag- 
net 32 is made to be S pole in the front edge and N pole 
in the rear edge, the second electromagnet 33 is made 
to be N pole in the front edge and S pole in the rear edge, 
and the third electromagnet 34 is made to be S pole in 
the front edge and N pole in the rear edge. 
[0055] From this condition, the pole of the third elec- 
tromagnet 34 is inverted to be N pole in the front edge 
and S pole in the rear edge (the second step S2), thereby 
the rear edge S pole of the second electromagnet 33 and 
the front edge N pole of the third electromagnet 34 attract 
each other to move the third electromagnet 34 forward 
same as that shown in Figure 2. 
[0056] And then, the pole of the second electromagnet 
33 is inverted to be S pole in the front edge and N pole 
in the rear edge (the third step S3), thereby the rear edge 
N pole of the first electromagnet 32 and the front edge S 
pole of the second electromagnet 33 attract each other, 
and at the same time, the rear edge N pole of the second 
electromagnet 33 and the front edge N pole of the third 
electromagnet repel each other to move the second elec- 



tromagnet 33 forward. 

[0057] Next, the pole of the first electromagnet 32 is 
inverted to be N pole in the front edge and S pole in the 
rear edge (the forth step S4), thereby the rear edge S 
5 pole of the first electromagnet 32 and the front edge S 
pole of the second electromagnet 33 repel each other to 
move the first electromagnet 32 forward together with 
the guide shaft 31. 

[0058] This condition is the same as that of the first 
10 step S1 excepting that the direction of the pole is re- 
versed. Further, from this condition, by switching the di- 
rection of the pole of the third electromagnet. 34, the sec- 
ond electromagnet 33, and the first electromagnet 32 in 
sequence which are about similar to the first step S1 , the 
15 second step S2 and the third step S3, the condition re- 
turns to the original condition same as the first step S1 . 
[0059] In the case that the moving device 30 is moved 
backward, the direction of the poles of the electromag- 
nets 32, 33, 34 are switched from the force step S4 to 
the first step S1 in the reverse sequence as described 
above. But it can be made to be a moving device exclu- 
sively for forward movement. In this case, on the periph- 
ery of the electromagnet, the preventive measure for the 
backward movement such as the projection or the im- 
planted hair described above is preferable to be provided. 
[0060] In addition, in the moving device 30 shown in 
Figure 4, the guide shaft 31 is fixed to the first electro- 
magnet 32 and the other electromagnets are left free to 
move along the shaft, but the guide shaft 31 can be fixed 
to the second electromagnet 33 or third electromagnet 
34 and other electromagnets can be left free. In order to 
invert the pole of the electromagnets, the direction of the 
turning on of the electromagnet coil is inverted similarly 
with the moving device 1 0 in Figure 1 . 
[0061] In the embodiment described above, as a 
means to change the direction of the pole of the magnet 
elements by a remote control, the electromagnets and 
the distributors to change the direction of current flows 
are employed. But by accommodating the distributor in 
the guide frame, an external switching of the signal can 
be limited only to switch between forward movement/off 
(or forward movement/off/backward movement). Fur- 
ther, such composition can be employed also that in place 
of the electromagnets, permanent magnets are accom- 
modated rotatably in the case, and the rotation angle of 
the permanent magnets is remote controlled. 
[0062] The rough control block diagram of the moving 
device in the second embodiment in Figure 5a is shown. 
In Figure 5a, the plural electromagnets (moving part 40) 
in the moving device 30 which move forward and back- 
ward in the pipe lines and the controller 41 which outputs 
the instructions to move to the moving part 40 are shown 
in a simplified figure. The above three moving part 40 are 
almost the same, but they are so designated that the one 
connected to the controller 41 is the end moving part 40, 
the one placed at the front edge is the front edge moving 
part 40, and the remaining one placed between the front 
edge and the end edge is the medium moving part 40. 
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The moving device 30 comprises three moving part 40, 
but it can be extended by increasing the medium moving 
part 40. 

[0063] The each moving part 40 is provided with a me- 
chanical part 42 driving the each moving part 40 and a 
driver 43 controlling the mechanical part 42. The above 
mechanical part 42 corresponds to the coil provided in 
the each electromagnet of the moving device 30. And in 
the case of the moving device 10 or 20, the above me- 
chanical part 42 corresponds to one pair of the inside 
and the outside coil and the magnets. 
[0064] As shown in Figure 5b, the driver 43 comprises 
a switching means 44 for inverting current direction to 
invert the pole of the above described electromagnet and 
a controlling part 45 to control the switching means 44 
by a preset program (see Figure 5b.) 
[0065] The controller 41 is connected to the end edge 
moving part 40 and gives instructions to move only to the 
moving part 40. As the instructions used by the controller 
41 can be such that instructs forward movement/ stop 
. only, that instructs backward movement /stop only, and 
that instructs forward movement /backward move- 
ment/stop. In addition to the instruction to stop of the 
moving device, an instruction to be standby for suspend- 
ing the moving device can be used. 
[0066] The above controlling part 45 comprises a re- 
ceiving part 46 which receives a pole information of the 
self electromagnet that is the object of the control and 
also receives instructions to move from controlling part 

45 of the neighboring other moving part 40, a computing 
part 47 which computes the poie by the above program 
from the pole information obtained from the receiving part 

46 and instructions to move, and a transmitting part 48 
which transmits the instruction to move to the controlling 
part 45 of the moving part 40 after the switching means 
44 switches the poie according to the computing part 47. 
[0067] Next, the conditions of the movement of the 
moving device 30 are described. The moving part 40 is, 
as shown in Figure 4, is in either of the condition that it 
is in the backward movement contacting the rear stopper 
35 or that it is in the forward movement contacting the 
front stopper 35. The condition is detected by a photo 
sensor, a limit switch or HALL IC provided in the moving 
part 40 or by a position sensor 54 (see Figure 5a) de- 
scribed later, and the position information is transmitted 
to the receiver 46 of the driver 43. 

[0068] At the beginning, the instruction to move for- 
ward or to move backward to the moving device 30 is 
transmitted by the controller 41 to the receiving part 46 
of the end edge moving part 40. The receiving part 46a 
transmits the instruction to move forward or to move 
backward to the computing part 47, The computing part 

47 computes the self movement using the position infor- 
mation from the position sensor 54 and the instruction to 
move forward or to move backward. 

[0069] For example, in the case that the condition of 
the backward movement is detected by the position sen- 
sor 54 and the instruction to move forward is output by 



the controller 41 , the switching means activates the me- 
chanical part 42 to move forward. At the same time, in 
the case that the forward movement is detected by the 
position sensor 54 and the instruction to move forward 
5 is output by the controller 41 , the mechanical part 42 is 
not activated. In the case that the mechanical part 42 is 
activated in the condition of forward movement, after the 
completion of the forward movement is detected by the 
position sensor 54, the transmitting part 48 transmits the 
instruction to move forward to the adjacent front medium 
moving part 40. On the other hand, in the case that the 
end edge mechanical part 42 is not activated, the trans- 
mitting part 48 directly transmits the instruction to move 
forward to the adjacent front medium moving part 40. 
Such operation patterns of the each moving part 40 are 
controlled by a control table (program) created from the 
instruction of the controller 41 to move forward or back- 
ward and the position information by the position sensor 
54. 

[0070] The above medium moving part 40 starts its 
motion making it a trigger to receive the instruction to 
move forward or backward from the end edge moving 
part 40. Since the process that the medium moving part 
40 receives the instruction to move forward or backward 
from the end edge moving part 40 and transmits the in- 
struction to the front edge moving part 40 is same as that 
of the end edge moving part 40, the description is omitted. 
[0071] Same as the medium moving part 40, the front 
edge moving part 40b starts its motion making it a trigger 
to receive the instruction to move forward or backward 
from the medium moving part 40. The front edge moving 
part 40 transmits the instruction to move forward or back- 
ward to the medium moving part 40, and this time the 
signal is transmitted from the front edge to the end edge, 
[0072] Further, the each moving part 40 exchange the 
each electromagnet information between the other mov- 
ing parts 40 at a given interval. 
Using the obtained magnet information and the comput- 
ing table created from the self magnet information, it is 
possible to make the each moving part to search the next 
motion. In this case, the each moving part 40 transmits 
theself magnetinformationtogetherwith the self address 
to the other moving part 40. The each moving part 40 
uses the instruction to move forward/ backward as a trig- 
ger, but the pole information from the adjacent front or 
rear moving part 40 or the detected signal from the po- 
sition sensor 54can be also used as the trigger for starting 
to move. 

[0073] In the case to halt the moving device 30, the 
controller 41 transmits a stop signal to the end edge mov- 
ing part 40 and the stop signal is sequentially transmitted 
to the front edge moving part 40. Further, in the case that 
the power of the each moving part 40 is supplied from 
the controller 41 , the moving device 30 can be halted by 
55 cutting the power supply from the controller 41 to the 
moving parts 40. In addition, the holding of the magnet- 
ized condition of the each electromagnet prevents the 
moving device from unintended operation when the pow- 
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er is turned on again. 

[0074] Further, in the moving device 1 0, 26 (see Figure 
2 and Figure 3), the same control method as described 
above can be applied, in this case, a process to change 
the whole poies (see S2 in Figure 2 and Figure 3) is re- 
quired when the forward or backward movement is start- 
ed. In the process S2, the instruction to move forward or 
backward is transmitted to all moving parts 40 from the 
controller 41 . And then, the position sensor 54 detects 
whether the outside electromagnets and the inside elec- 
tromagnets are separating or approaching. When the 
electromagnets are separating, the poles of the magnets 
are inverted to approach each other. At the same time, 
when they are approaching, it can be left to do nothing. 
These initial actions can be defined in the control table 
of the initial action separately in the controlling part 45. 
[0075] Since the each moving part 40 of the moving 
device 30 is controlled by the exclusive driver 43, the 
distance between the driver 43 and the mechanical part 
43 or the controller 41 can be shortened to make the 
problems of the communication time delay difficult to oc- 
cur. Further, the distribution of the computing to the each 
driver 43 enables to shorten the control cycle compared 
with the case that the all drivers 43 are centrally control- 
led, thereby the response to the instructions becomes 
quick allowing easy operation in a small diameter pipe. 
[0076] As the mechanical part 42, those operated by 
the variation of the poles are described above. Subse- 
quently, the device which is operated by extending or 
retracting the mutual spacing in between the moving part 
40 using an extendable part is described. Thereinafter, 
the third embodiment of the moving device employing 
such extendable part is described. 
[0077] The moving device 60 shown in Figure 6a is 
composed of four segments (the moving part 40) that are 
a segment A, a segment B, a segment C, and a segment 
D starting from the left. These segments are intercon- 
nected linearly and slidably by an extendable part 74 (ex- 
tendable connecting means). The above extendable part 
74 corresponds to the mechanical part 42 in Figure 5a. 
In this figure, the mutual contacting part of the segments 
shows the retracted condition of the extendable part 74, 
and the extended condition is shown by the crossbar. To 
the rear segment D is connected an electric wire 64 to 
supply power for extending the extendable part 74 or a 
communication line to transmit instructions to segments 
for forward/backward movement. In this embodiment, the 
engaging force of these four segments with the inside of 
pipe lines are almost the same each other. Further, the 
each extendable part 74 is controlled by the driver 43 
provided in the segment connected to the back of the 
extendable part 74, and its condition of the extension/re- 
traction is detected by the position sensor 54 provided in 
the each segment (see Figure 5b). The extendable part 
corresponds to the mechanical part 42 in Figure 5a. 
[0078] The material of the segments is properly deter- 
mined depending on the material of the inside of the pipe 
lines. Particularly in the case that the pipe lines are those 



within the human or animal body etc, the segment ma- 
terial is preferable to be stainless steal or Titanium, and 
especially preferable to be Titanium. As the extendable 
part 74 which extends/ retracts the interval in between 
5 the each segment, motors can be used and it can also 
be the above describe magnets, voice coil motors, hy- 
draulic pressure or oil pressure cylinders which operate 
similarly. 

[0079] The motion of thus composed moving device 
10 60 is described using Figure 6a. At the beginning, from 
the starting condition (S1) in which the all extendable 
parts 74 are retracted, there is a process (S2) in which 
the extendable part 74ab located between the front seg- 
ment A and the interconnected segment B is extended 
15 to widen the interval between the segment A and B. In 
this embodiment, since the engaging forces of the each 
segment in pipe lines are almost the same, the engaging 
force of the segments is determined by the number of 
the segments. Resultantiy, in this process S2, the en- 
gaging force of the segment A with the inside of pipe lines 
is smaller than those of the remaining three segments, 
the segment A moves toward the arrowhead F in the 
figure. 

[0080] And then, there is a process (S3) in which the 
extendable part 74ab between the segment A and the 
segment B retracts and the extendable part 74bc located 
the segment B and the segment C is extended. In this 
process (S3), regarding the segment B the interval in 
between the segment A is shortened and the interval in 
between the segment C is widen. Resultantiy, by the dif- 
ference of the engaging force with the inside of pipe lines, 
it is drawn toward the segment A side. Via the process 
S4 same as the case of the segment A, the segment C 
moves toward the arrowhead F of the inside of pipe lines 
(Process S4). Finally, the extendable part 74bc located 
between the segment D and the segment C is retracted 
to move the segment D toward the arrowhead F and 
drawn toward the segment C (S5). After completion of 
the process to S5, by repeating the process going back 
to the S1, the moving device 60 moves toward the ar- 
rowhead Fin pipe lines. 

[0081] Figure 7 shows the control block diagram of the 
moving device 60. The moving device 60 shown in the 
block diagram comprises plural moving part 40 (seg- 
ment) same as those of the moving device 30. And the 
moving device 60 comprises the front edge segment 
A(the front moving part 40), the end edge segment D 
( the end edge segment 40), and the segment B and C 
between the front edge segment and the end edge seg- 
ment (the medium segment 40, 40). 
[0082] The segment B, C and D are provided with the 
driver 43 which is the same as that of the moving device 
30 (see figure 5b), therefore the description is omitted 
assigning the same numeral for the same part. 
The extendable part 74ab, 74bc, and 74cd are extended 
from the segment B, the segment C and D respectively, 
and are controlled by the drivers 43 provided in the each 
segment. The extendable part 74 corresponds to the me- 



25 



30 



35 



40 



45 



50 



10 



19 



EP 1 618 831 A2 



20 



chanical part 42 in Figure 5a and is operated by the 
switching means 44 located at the driver 43. 
[0083] Back to Figure 7, since in the backward of the 
segment D no segment is located, the segment D can 
push the segment C by the extendable part 74cd of the 
segment D to "extend" but is never pushed from the back- 
ward. Therefore, in order to move forward by itself, the 
extending part 74cd of the segment D must be "retract- 
ed". On the other hand, the front segment A can move 
by "extending" or" retracting" of the extendable part 74ab 
of the backward segment B. For that reason, the driver 
43a and the mechanical part 42a are not mounted on the 
front segment A of the moving device 60. 
[0084] In contrast, the medium segment C 
must" retract" the self extendable part 74bc at the same 
time when the extendable part74cd of the backward seg- 
ment D "extends" and pushes. Therefore, it is necessary 
for the extendable part 74cd of the segment D and the 
extendable part 74bcof the seg ment C to cooperate each 
other. It is also true between the extendable part 74bc of 
the segment C and the extendable part 74ab of the seg- 
ment B. 

[0085] For the above cooperated action, the driver 43 
of the each segment of the moving device 60 transmit 
the information of the condition (being extended or being 
retracted) of the self extendable part 74 obtained from 
the position sensor 54 to the adjacent other drivers 43, 
and receives the information of the condition being ex- 
tended/retracted of the extendable part 74 of the other 
drivers 43. 

[0086] The control flow of the moving device 60 com- 
posed as above is described using Figure 7 and Figure 
5a. From the controller 41 to the receiving part 46 of the 
end edge segment D (see Figure 5b), the instruction to 
move forward/backward is transmitted. From the position 
sensor 54 of the segment D, the condition of the extend- 
able part 74cd of the segment D being extended/retract- 
ed is transmitted. Further, from the forward segment C, 
the condition of the extendable part74bc of the segment 
C being extended/retracted is transmitted. And the trans- 
mitted information is sent to the computing part 47 of the 
segment D. This information is computed using the con- 
trol table (program) showing the condition of the corre- 
sponding extendable part 74cd of the segment D being 
extended/ retracted. The results of the computing are, 
for example, "to extend the extendable part 74cd"of the 
segment D, "to retractthe extendable part 74cd," or "noth- 
ing to be done" etc. 

[0087] In the case that the result of the computing is 
"nothing to be done", the segment D transmits the infor- 
mation of the condition of the extendable part 74cd being 
extended/retracted and the instruction to move for- 
ward/backward to the forward segment C from the trans- 
mitting part 48 of the segment D (see Figure 5b). The 
instruction to move forward/backward from the controller 
41 can be transmitted from the end edge segment D in 
sequence to all the segments in the initial stage action 
of the controller 41. 



[0088] In the case that the result of the computing is 
"to extend the extendable part 74cd" of the segment D, 
since it must cooperate with the forward segment C, the 
instruction "to extend the extendable part 74cd"is trans- 
5 mitted to the segment C from the transmitting part 48 of 
the segment D. When the segment C receives the infor- 
mation "to extend the extendable part 74cd", it "retracts" 
the extendable part 74bc of the segment C to cooperate 
with the segment D. 

When the segment D detects the completion of the action 
of the extendable part 74cd by the position sensor 54a, 
it transmits the information that the extendable part 74cd 
of the segment D is" being extended" and the instruction 
to move forward/backward from the controller 41 to the 
receiving section 46 of the segment C from the transmit- 
ting part 48. 

[0089] The receiving part 46 of the segment C acts 
almost similarly as the above segment D. In other wards, 
the segment C receives the information of the condition 
of the extendable part 74bc of the segment C being ex- 
tended/retracted, the condition of the extendable part 
74ab, 74cd of the adjacent segment B, D being extend- 
ed/retracted, and the instruction to move forward/back- 
ward transmitted from the segment D. Then the informa- 
tion is sent to the computing part 47 of the segment C 
and is computed using the control table for the segment 
C. In this case also, in order to "extend "the self extend- 
able part 74bc, it is necessary to cooperate with the for- 
ward segment B. On the other hand, in the case of "noth- 
ing to be done", the extendable part 74bc is left action- 
less, and the condition of the extendable part 74bc being 
extended/retracted and the instruction to move for- 
ward/backward are transmitted to the segment B. 
[0090] Thus, it acts in sequence to the segment B, next, 
it acts from the front edge segment toward the end edge 
segment C similarly to the forward movement. In order 
to stop the action, it is enough to cut the supply power to 
the segments. Moreover, when the power is turned on, 
it is preferable to hold the condition of the extendable 
parts 74 to be in the former condition of being extended/ 
retracted. 

[0091] In addition, each segment exchanges each oth- 
er the information being extended /retracted between the 
mutual adjacent segments, but each segment can also 
get the information being extended /retracted of the other 
segment except for one self. In this case, address etc. 
for each segment is attached, and together with the ad- 
dress, the information bring extended /retracted etc. are 
transmitted. The driver 43 of the each segment obtains 
the extending/retracting action of the extendable part 74 
from the information. In this case, it is preferable to syn- 
chronize the each segment by a synchronization signal 
of a given interval so as to make the adjacent segment 
74 cooperate to act. 

[0092] When this moving device 60 is moved back- 
ward, as shown in Figure 6b, it is operated by the reverse 
procedure as shown above from S1\ S2\ S3', S4', S5' 
in sequence from the rear edge segment D to the seg- 
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ment A in the direction of the arrowhead R. After the 
S5'action ended, the process begins from S1 again, thus 
the process is repeated to move the moving device 60 
in the direction of the arrowhead R in pipelines. In the 
case of the backward movement, the each segment ac- 
tion is controlled by the control table same as above. 
[0093] In this embodiment, the device is composed of 
the four driving segments, but as for the number of the 
segments, for example, five or ten of ihe segments can 
be connected in series to move as described above. In 
this case, by varying the number of segments to be 
moved in each process enabling the variation of the en- 
gaging force with the inside of pipe lines, it can respond 
to the variation of the engaging force with the inside of 
pipe lines. Further, in one moving device, plural seg- 
ments can be moved in one process, and plural moving 
points can be provided in one process. Moreover, en- 
gaging arms etc. to increase the engaging force with the 
inside of pipe lines can be provided in the each segment. 
In this case, the increased engaging force of the seg- 
ments enables to decrease the number and the weight 
of the segments providing smaller and convenient devic- 
es. Further, the number of the signal lines can be de- 
creased, since each neighbor segments are intercon- 
nected with the signal lines. And in the case of failures, 
the failed parts can be controlled by the driver of other 
segments, the failed parts only can be easily replaced. 
[0094] In the case that the movement of the segments 
is more complicated, the provision of such a controlling 
device enables to cope with more various inside of pipes 
that has a storage in which movement patterns of the 
several kind of segments are stored and execute the 
above pattern responding to the conditions in the pipe 
lines and to the speed of the movement. Such composi- 
tion allows the controlling part to control the moving de- 
vice securely by storing the engaging force of the each 
segment in the above storage media for the case that 
the engaging forces of the each segment with inside of 
pipe lines are not about equal as described above, In this 
storage, the history of the previous motion can be stored 
and be played back. 

[0095] The embodiment of the moving device 60 is 
shown in Figure 8a and Figure 8b. Figure 8a and Figure 
8b show the medium segment C or D. 
Since the segment D has many common parts with other 
segments, this segment is described here and the de- 
scriptions of the other segments are omitted. The above 
segment D comprises the mechanical part 42, the driver 
43 which drives the mechanical part 43. The mechanical 
part 42 is accommodated inside of a casing 55 which is 
a horseshoe like platy member. On the top surface of the 
casing 55, the platy substrate (driver 43) is mounted. On 
the one edge of the platy driver 43, the position sensor 
54 (magnetic sensor) is mounted with its magnetic sens- 
ing part is protruding outside from the periphery of the 
casing 55 beyond the opening edge. 
[0096] The above mechanical part 42 (extendable part 
74) comprises a motor 49, a male screw 50 mounted on 



the shaft of the motor 49, and a nut 51 which moves 
axially (forward/backward) rotating on the engaged male 
screw 50. The motor 49 is fixed to the bottom of the casing 

55 at its rear part using a clump 57 composed of bolts 
5 and nuts. To the bolt of the clamp 57, a socket 53 of a 

ball joint is fixed. 

[0097] The nut 51 is covered by a cylindrical magnet 

56 which can be fitted to the periphery of the nut. In the 
vicinity of the center of the cylindrical magnet 56 is an- 

10 nular band like magnetized in S pole. The right and left 
of the annular band like magnetized S pole is magnetized 
in annular band like magnetized in N pole. A ball 52 of 
the ball join is provided on the front edge of the nut 51 
and it is accommodated and connected rotatably inside 
is of a socket 53 mounted in the vicinity of the bottom of 
the casing 55 of the forward segment B. Further, friction 
resistance between the ball 52 of the ball joint and the 
casing 55 so as not to rotate the nut 51 , when the male 
screw 50 rotates. 

[0098] The motion of thus composed moving device 

60 is described. The motor 49 acts at the beginning, and 
then, the male screw 50 rotates, and the nut 51 engaged 
with the male screw 50 moves rotating along the shaft, 
thereby the forward segment B is pushed by the ball 52. 
Since the cylindrical magnet 56 moves axially along the 
male screw 50 together with the nut 51 , the position sen- 
sor 54 catches the variation of the poles and detects the 
end of the action of the extendable part 74. 
[0099] The moving device 72 shown in Figure 9a com- 
prises a head unit H, and a tale unit T which is intercon- 
nected swing-free to a joint 86. The head unit H compris- 
es, starting from the left in Figure 9a, an edge segment 

61 a of the head side, an arm segment 62a (front moving 
part 40b) retractably interconnected to the edge segment 
61 a, and a drive segment 63a (medium moving part 40c) 
of the head side retractably interconnected to the arm 
segment 62a. 

[01 00] The tale unit T comprises a tale side drive seg- 
ment 63b (medium moving part 40) interconnected 
swing-free by a joint 86 to a tale side arm segment 63a, 
a tale side arm segment 62b (end edge moving part 40) 
retractably interconnected to the drive segment 63b, and 
a tale side edge segment 61 b retractably interconnected 
to the arm segment 62b. From the edge part of the tale 
side edge segment 61b, an electric wire 64 to supply a 
power to the driver of the above drive segment and a 
signal line to transmit the instruction to move for- 
ward/backward from the controller 41 (see Figure 7) is 
extended. When the moving device 72 move forward, 
the later described first arm 66a for moving forward pro- 
trudes (see Figure 9a) from the arm segment 62a, 62b. 
In the backward movement, the second arm 66b for mov- 
ing backward protrudes from the same arm segment 62a, 
62b (see Figure 9b). 

[0101] The edge segment 61 a shown in Figure 10a 
comprises a touch switch 61 c provided on its front edge 
and the controller 61 d of the touch switch, and it detects 
the dead end of pipe lines for automatic stopping etc. 
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Further, in the base edge of the controller 61 d, a socket 
86a of the ball socket join 86 is provided and intercon- 
nected swing-free to a ball 86b mounted to the front edge 
of the first driving shaft 82 extended from the arm seg- 
ment 62 later described. 

[0102] The arm segment 62a comprises a tubular 
housing 65, an arm 66 mounted on the periphery of the 
housing 65, a ball join 86 for interconnecting with the 
driving segment 63 at the right side. The arm 66 com- 
prises the first arm 66a whose front end extends right 
side having a rotation hinge, for example, in the left side 
of Figure 10a, the second arm 66b whose front end ex- 
tends left side having a rotation hinge in the right side, 
and a mechanism to open/close the arms. 
[0103] The each arm has a common structure. As the 
material, for example, such metal as stainless steel is 
used and particularly titanium is preferable, which has 
flexibility and suitable rigidity with low impact on human 
body. In this embodiment, the arm is made of synthetic 
resin, and the synthetic resin hinge 67a is connected 
bendably to the mounting part 67b of the base part of the 
arm. The mounting part is fixed to the housing 65 with a 
screw 67c. 

[01 04] In Figure 1 0a, the first arm 66a and the second 
arm 66b are shown one by one. As shown in Figure 1 0b, 
the three first arms '66a are provided arou nd the periphery 
at an equal interval and the three second arms 66b are 
provided in between those arms. The number of the arm 
is not limited to this, and can be one by one, tow by two, 
or more than four by four. The number of the first arm 
and the second arm can be different. 
[01 05] In the base part of the arm 66, a cam 68 of which 
inside is tapered is protruded. And the cam 68 is fitted to 
a long hole 71 which is formed in a tubular arm holding 
member 70 provided inside of the housing 65 slidably in 
the axial direction 

[0106] inside of the housing 65, a motor M, a reducer 
73, and a screw type extendable part 74 which converts 
the rotation into the extension. To the driving shaft 76 of 
the motor M, a pinion (sun gear) 77 is fixed, on which 
perimeter three planet gears 78 engaging with the pinion 
77 are located. Outside of the planet gears, an internal 
gear (ring gear) 79 is located, which isf ixed to the housing 
65. The planet gears 78 are supported by the carrier 80 
rotatably. Accordingly, the reducer 73 composes a planet 
gear reducer in which the pinion 77 is an input and the 
carrier 80 is an output. 

[0107] The extendable part 74 (mechanical part 42) 
comprises a nut member 81 which is an extended part 
of the carrier 80, the first driving shaft 82 engaged with 
the nut member 81 . To the left side front edge of the first 
driving shaft 82, a ball 86b of the ball socket joint 86 is 
fixed. And to the ball 86b and the edge segment 61a, a 
pin 69 is connected in the radial direction. The both end 
of the pin is connected to the above arm holding member 
70 rotatably. The extended part of the above internal gear 
79 is formed into cylindrical shape, and a thrust cushion 
84 lies between the extended part and the nut member 



81. A thrust bearing 85, 85 supporting the axial load of 
the nut member 81 are intervened respectively between 
the axial one side edge part of the thrust cushion 84 and 
the carrier 80, and between the other edge part and the 
5 thrust cushion 84. 

[01 08] The driving segment 63 is connected' to the ball 
joint 86 by engaging the second driving shaft 87 with the 
ball joint 86 provided on the right edge of the above arm 
segment 62. This driving segment 63a is the same as 

10 the above described segments excepting that this seg- 
ment does not have the arm 66 and the mechanism to 
open/close the arm 66 namely the arm holding member 
70 etc. In other wards, as a mechanism to extend/ retract 
the driving shaft, the motor M, the reducer 73, and the 

15 extendable part 74 is the same as that of the arm seg- 
ment. Therefore, the description is omitted. 
[01 09] In the arm segment 62 and the driving segment 
63, the driver 43 as shown in Figure 5b to control the 
extendable part 74 and the position sensor 54 to detect 

20 the each position are provided. 

[01 1 0] The opposite side edge part of the driving seg- 
ment 63a in the head unit H is directly connected to the 
driving segment 63b of the tale unit T by the ball joint 86 
without intervention of the driving shaft. Further, the arm 

25 segment 62 b and the edge segment 61 b is connected 
in sequence to the back part of the driving segment 63b 
similarly as described above, (see Figure 9a , Figure 9b). 
[0111] The motion of the arm segment 62 thus com- 
posed is described referencing Figure 10a, Figure 11, 

30 and Figure 11b. In the condition shown in Figure 10a, 
when the motor M rotates, the driving shaft 76 of the 
motor rotates to rotate the pinion 77. the rotation of the 
pinion 77 is transferred to the planet gear 78 engaging 
with the internal gear 79 and rotates the carrier 80 (around 

35 the sun gear) which holds the planet gear 78 rotatably 
(rotatably on its axis). When the carrier 80 rotates, the 
nut member 81 rotates to push out the first driving shaft 
82 (screw side) engaging with the nut member 81 left. 
The thrust bearing 85 supports the thrusting back force 

40 to the carrier 80 which is the reactive force to push out 
the first driving shaft 82, thereby it makes the rotation of 
the carrier 80 smooth. 

[0112] When the first driving shaft 82 is pushed out, 
the arm holding member 70 engaged with the shaft also 

45 acts left. Thereby, the edge part of the long hole 71 push- 
es the cam of the first arm 66a and the second arm 66b 
left respectively. In the first arm 66a, being pushed from 
right, the cam intends to act with the hinge as a shaft in 
the direction of the arrowhead R1 of Figure 1 1 a. Inverse- 

50 ly , the tapered side of the cam 68 of the arm 66b provided 
in the under side is pushed left by the right sidewail of 
the long hole 71 to act with the hinge as a shaft in the 
direction of the arrowhead L1 , thereby the front part being 
opened. When the first driving shaft 82 is pulled back 

55 right, as shown in Figure 11b, it acts in the reverse pro- 
cedure as described above, thereby the first arm 66a 
opens and the second arm 66b closes. 
[01 1 3] The driving segment 63a does not have the arm 
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66 and the arm holding member 70 which are provided 
in the arm segment 62a, but it is substantially same as 
the arm segment 62a being provided with the motor M, 
the planet gear reducer 73, the screw type extendable 
part 74, and the ball socket joint 86, wherein the screw 
is extended/retracted by the motor rotation. Therefore, 
detailed description is omitted. The head side driving seg- 
ment 63a and the tale side driving segment 63b are for 
extending/retracting the interval between the back and 
forth arm segment 62a, 62b and for interconnecting 
swing -free the head unit H and the tale unit T to make 
the movement in curved pipe lines smooth. 
[01 14] The motion of the moving device 72 thus com- 
posed is described. In Figure 1 2 a reset action to prepare 
for the movement of the moving device 72 is shown. In 
the first process S1 in Figure 12, a condition is shown, 
in which the first driving shaft 82 and the second driving 
shaft 87 in the head side are at their limits of extension, 
and at the same time, the second driving shaft 82 in the 
tale side is in the condition of being pulled back and the 
second driving shaft 87 is at its limit of extension. Starting 
from this condition, as shown in the second process S2, 
the arm segment 62a in the head side pulls in the edge 
part segment 61a in the head side. At this time the first 
arm 66a opens, And then, as shown in the third process 
S3, the first driving shaft 82 is pushed out from the arm 
segment 62b in the tale side, the edge part seg ment 61 b 
in the head side is pushed out to open the first arm 66a. 
[0115] Operating as just described, the first arm 66a 
responsible for the forward movement opens. And then, 
the driving segment 63a, 63b in the head side and the 
tale side drive the second driving shaft 87 so as to fetch 
in it, and as shown in the forth process S4, pulls in the 
arm segment 62a, 62b respectively. These sequent mo- 
tions are the reset action to move toward the head side. 
[0116] When it is moved toward the tale side (move 
backward), the above described reset action is reversed 
in head H and tale T to open the second arm 66b, which 
is the reset action to move backward. 
[0117] The motion of the moving device 72 thus reset 
is described referencing Figure 13. The rough process 
drawing shown in Figure 13 is the case of the forward 
movement. Starting from the condition as shown in Fig- 
ure 12 that the reset is completed, as shown in the first 
process of Figure 13, the head driving seg ment 63a push- 
es out the head segment 62a. At the same time, the arm 
66a extending from the taie arm segment 62b holds on 
to the inside of pipe lines, thereby the head side arm 
segment 62a is pushed out by the reactive force. 
[01 18] Next, the head side driving segment 63a puli in 
the head side arm segment 62a, at the same time, the 
tale side driving segment 63b pushes out the taie side 
arm segment 62b. At this time also, the arm 66a extend- 
ing from the arm segment 62b holds on, thereby the two 
driving segment 63a, 63b move toward the head side by 
the reactive force. And then, as shown in thethird process 
S3, the tale side driving segment 63b pulls back the taie 
side arm segment 62b to return to the first process S1 . 



At this time, inversely the arm 66a of the head side arm 
segment 62a holds on at its front edge, which supports 
the reactive force of the pulling action of the tale side arm 
segment 63b. 

5 [01 1 9] By repeating these processes, the moving de- 
vice 72 moves forward wholly. When it moves backward, 
after the above described reset action is completed, the 
above described process is performed with its head unit 
H and taie unit T reversed. The operation of the motor 
10 rotation i.e. normal / reverse /stop in the each segment 
of the above described operation can be done from the 
outside of pipe lines via the electric wire 64 shown in 
Figure 9. In the case that a wireless communication is 
used, the electric wire is not necessary. 
15 [01 20] In the embodiment described above, the edge 
segment 61 a is provided in front of the head side segment 
63a, and the edge segment 61b is provided in the back 
of the tale side segment 63b, but the forward and back- 
ward movement can be done without the edge segment 
61a, 61b. 

[0121] Further, the forward and backward movement 
can be done without either the head side segment 63a 
or the tale side segment 63b. But, interconnecting the 
two driving segment 63a, 63b mutually by the ball joint 
86 allows smooth movement in a curved part. 
[0122] Moreover, omitting the driving segment 63a, 
63b, arms for forward and backward movement can be 
provided in one segment. In this case, since the length 
of the segment is iong, it is preferable to separate them 
and to interconnectthem mutually using a jointfor smooth 
movement in a curved part. 

[0123] In the embodiment described above, as a 
means to hold on to the inside of pipe line, the arm 66a, 
66b extending from the arm segment 62a, 62b are em- 
ployed. 

But in the moving device 88 of Figure 1 4a, the neighbor- 
ing segments (the moving device) 40 are connected to 
each other by the flat strip plate 89, which reacts as the 
means to hold on to the inside of the pipe line. The moving 
device 88 converts into the retracting condition (Fig. 14b) 
from the extending condition (Fig. 14a) by bending or 
curving the flat strip palate 89. This action of the fiat strip 
plate 89 widens the outer diameter of the moving device 
88. Therefore, the top of the curved strip piate 89 can 
press the inside of the pipe line and enables the moving 
device to abut and to hold the. inside of the pipe line. 
[0124] In the embodiment using the flat strip plate 89, 
the neighboring segments 40 may be connected to each 
other by four flat strip plates 89 employed around the 
periphery of the segment 40 at equal interval, like shown 
in Fig. 14c. 

[0125] As for a material of the flat strip plate 88, for 
example, material such as stainless steel and preferably 
titanium or titanium alloys, which has flexibility and has 
suitable rigidity with low impact on human body, may be 
used. 
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Claims 

1. A moving device in pipe lines, comprising; 

an inside magnet line in which three or more magnet 
elements are interconnected in the direction of mag- 
net flux; an outside magnet element line which is 
provided slidably on the outside of the magnet ele- 
ments of the inside magnet line; a switching means 
which switches the magnet poles of the inside mag- 
net elements and the corresponding pair of the out- 
side magnet elements in-phase or reversed phase; 
and a control means for controlling the each switch- 
ing means by a preset program. 

2. A moving device in pipe lines according to claim 1 , 
wherein the inside magnet elements are intercon- 
nected flexibly each other. 

3. A moving device in pipe lines according to claim 1 , 
wherein the switching means comprises an electro- 
magnet provided at least on one side of the corre- 
sponding pair of the magnet elements and a distrib- 
utor for selecting the magnetic pole of the electro- 
magnet. 

4. A moving device in pipe lines, comprising: 

a magnet line in which three or more electro- 
magnet lines are interconnected, a guide mem- 
ber which guides the magnet lines slidably; and 
a distributor for controlling the electromagnet 
poles by a preset program. 

5. A moving device in pipe lines according to claim 4, 
wherein the guide member is a linear body let 
through the center of the magnets slidably and any 
of the electromagnets is fixed to the linear body. 

6. A moving device in pipe lines according to claim 5, 
wherein the linear body is flexible. 

7. A moving device in pipe lines according to claimel , 
2 or 3, 

wherein the control means comprises a controlling 
part which is located in the each switching means 
and a controller which gives instructions to move to 
the controlling part of the end magnet element pairs; 
the controlling part of the above pair of the magnet 
elements comprises a receiving part for receiving 
instructions to move, an operation part which per- 
forms an arithmetic operation of the magnets by the 
program in which the instructions to move obtained 
from the receiving part and the information of the 
object magnet pole of the magnet element are used 
as an argument, and a transmitting part which trans- 
mits the instructions to move to the next pair of the 
magnet elements after the switching part switches 
the magnet poles according to the operation part; 



the receiving part and the transmitting part transmits 
the instructions to move from the end pair of the mag- 
net element to the front pair or from the front pair of 
the magnet element to the end pair in sequence. 

5 

8. A moving device in pipe lines according to claim 4, 
SorG, 

wherein the distributor is located in each electromag- 
net and comprises the controlling part to control the 

10 poles of the electromagnet by a preset program and 
the controller which gives instructions to the control- 
ling part of the end distributor; the controlling part of 
the electromagnet is provided with the receiver which 
receives the instructions to move, the operation part 

15 which performs an arithmetic operation of the mag- 
nets and controls the magnets by the program in 
which the instructions to move obtained from the re- 
ceiving part and the information of the object magnet 
pole of the magnet element are used as an argument, 

20 and is provided with the transmitter which transmits 
the instructions to move to the controlling part of the 
electromagnet after the control of the pole by the 
operation parts; the receiving part and the transmit- 
ting part transmit the instructions to move from the 

25 end electromagnets to front electromagnets or from 
the front electromagnets to the end electromagnets. 

9. A moving device in pipe lines, comprising: 

30 three or more segments; an interconnecting 

means which interconnects these segments; a 
driving means which drives the interconnecting 
means so as to move these segments to the 
remaining segments relatively; and a control 
35 means to control the driving means, wherein the 

controlling means comprises a controlling parts 
provided in each segment and a controller which 
gives instructions to move to the end controlling 
part; the controlling part comprises a receiving 
^0 part which receives instructions to move, an op- 

eration part which drives the driving means by 
computing the conditions of the object driving 
means using the information of the instructions 
to move obtained from the receiving part and 
45 the conditions of the object driving means as an 

argument, and a transmitting part which trans- 
mits the instructions to move to the controlling 
part of the other driving means after the control 
of the driving means by the operation part; the 
50 each receiving part and the transmitting part 

transmits the instructions to move from the end 
driving means to the front driving means or from 
the front driving means to the end driving means 
in sequence; the engaging force with the inside 
55 of pipe lines of the moved segments are smaller 

than that of the remaining segments. 

10. A moving device in pipe lines according to claim 9, 
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wherein the connecting means is an extendable con- 
necting means which interconnects the segments in 
a straight line retractabiy and the driving means is 
an extendable driving means which drives the ex- 
tendable connecting means. 5 

11. A moving device in pipe lines according to claim 10, 
wherein the extendable driving means moves the 
each segmentforward or backward selectively to the 
remaining segments. 10 

12. A moving device in pipe lines according to claim 1 1 
or 12, 

wherein the extendable driving means moves the 
segments from one edge to another edge in se- 15 
quence. 
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Fig.l 
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Fig.2 
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Fig.3 
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Fig.4 
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Fig. 6 a Fig.6 b 
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Fig.7 
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Fig.8 a 




Fig.8 b 




24 



EP 1 618 831 A2 




9b 




[^>R 



25 



EP 1 618 831 A2 



Fig. 10 a 
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Fig.l 1 a 
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Fig. 12 
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Fig. 13 
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Fig. 14 a 



Fig. 14 b 



Fig. 14 c 




